The goal of this study was to evaluate temporal trends in infective endocarditis (IE) incidence and clinical characteristics after 2002 French IE prophylaxis guideline modifications.
Infective endocarditis (IE) is a rare but severe disease with an in-hospital mortality rate of around 20% and a 5-year mortality rate of 40% (1, 2) . It also has a high morbidity rate and cost burden: its treatment requires prolonged hospitalization, 1 out of 2 patients is operated on during the acute phase of the disease, and quality of life and return to work are compromised in some patients (3, 4) . Therefore, IE antibiotic prophylaxis strategies have been proposed for years worldwide to patients with cardiac diseases at risk for IE undergoing invasive procedures responsible for bacteremia (5) .
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Because no randomized clinical trial had been conducted to demonstrate the efficacy of such a strategy and because case-control studies had not found any relationship between dental procedures and IE (6 -8) , IE prophylaxis guidelines were altered toward a drastic reduction in antibiotic indications, in France as early as 2002 and in other countries in 2007 to 2009 (5,9 -13) . This change led to restricting the use of antibiotic prophylaxis to patients with the highest risk of poor outcomes from IE (i.e., patients with prosthetic valves, complex congenital heart disease, previous IE). For example, antibiotic prophylaxis is no longer recommended for dental procedures in patients with previously known native valve disease such as mitral valve prolapse or bicuspid aortic valve. In parallel, general recommendations were made regarding patients with previously known valve disease, encouraging better oral and general hygiene and limiting the use of skin-breaking procedures or indwelling catheters to limit the risk of staphylococcal IE, the rate of which has reportedly been increasing (3, 14, 15) . More recently, National Institute for Health and Clinical Excellence guidelines even recommended discontinuing IE antibiotic prophylaxis altogether (16) .
The evaluation of the impact of this drastic change in IE prophylaxis strategy on clinical and epidemiological characteristics is complicated by several factors. Due to the disease's polymorphic presentation, patients with IE are managed by physicians of different specializations in secondary and/or tertiary care hospitals. Patients with the most severe form of the disease and those needing cardiac surgery are referred to tertiary care hospitals, where they are overrepresented (17, 18) . In addition, the use of administrative coding of discharge data in this evaluation may be misleading because the data generally represent nonexpertvalidated IE cases and may reflect financial considerations rather than those of diagnostic precision (19, 20) . Recording IE characteristic changes with accuracy therefore requires large comprehensive populationbased studies, which describe the whole IE patient population and are less subject to referral bias (17, 18, 21) .
We had the unique opportunity of having data from 2 previous national population-based surveys with expertvalidated IE cases, performed in 1991 and 1999 before the modification of IE prophylaxis policy in 2002. We were thus able to conduct a third survey along the same model and on the same population pool after the guideline modifications and then to compare the results of all 3 studies. The objective was to evaluate temporal trends in IE incidence, clinical characteristics, and prognosis following the 2002 French IE prophylaxis guideline modifications. Particular attention was paid to oral streptococcal IE incidence, particularly in patients with previously known native valve disease, and to staphylococcal IE incidence. The working hypothesis was that a significant increase in the incidence of IE after scaling down prophylaxis use would be in favor of its efficacy, whereas a stable or a decreased incidence of IE would tend to support the appropriateness of prophylaxis guideline modifications.
Methods
Population-based survey methods. All three 1-year surveys (1991, 1999, and 2008) were conducted using the same methods (2, 22) . Survey participation packets were sent out by mail to all physicians potentially involved in IE patient care, to echocardiographers, and to microbiologists working in the 3 regions' hospitals. French societies for infectious diseases, cardiology, cardiac surgery, and microbiology also informed their members of the survey. All medical professionals were asked to report in real time any case of IE, regardless of diagnostic certainty, and were regularly reminded of the study throughout the study period. Duplicate reports were identified and excluded. Medical professionals were reminded by "study newsletter" to report regularly. For each patient age Ն20 years treated for IE, a specific case report form was filled out at the hospital and validated by the primary care physician. Institutional review board authorization was received from the Comité de Protection des Personnes de Besançon on December 19, 2007. Case report forms included data on patients' medical history (including previously identified cardiac diseases at risk of IE, procedures at risk of IE performed within the previous 3 months, and use of antibiotic prophylaxis) and IE characteristics. Investigators were provided with standard definitions of all variables. Recent dental procedures were recorded based on patient report.
Microbiologists completed a form with detailed information on the identification and susceptibility of the (26, 27) . Each patient was also assigned to a category in the 3 classifications (modified von Reyn, Duke, and modified Duke) using a specific applet. Any discrepancies between computerized and specialists' classifications were resolved by consensus. The modified von Reyn classification being the only available classification for all 3 surveys was chosen to describe the changes over the 3 periods (22) . Definite, probable, and possible cases of IE were considered and compared among the 3 surveys. Sensitivity analyses were performed, one considering only modified von Reyn definite cases and probable cases, the other considering the definite cases of the Duke classification for the 1999 and 2008 cases. Calculation of incidence and statistical analysis. Incidence rates, expressed as number of cases per million inhabitants, were calculated by dividing the number of cases recorded within the study year in the 3 regions by the number of individuals age Ն20 years living in these regions. For each period, incidence rates were standardized to the sex-by-age distribution of the French population age Ն20 years. Population references were obtained from the National Institute of Statistics and Economic Studies on January 1, 2008, based on the nationwide 2007 census. IE standardized incidence rates were also estimated by preplanned subgroups: causative micro-organisms (streptococci, staphylococci), previously known pre-existing cardiac condition (previously known native underlying heart disease, prosthetic valve, no previously known underlying heart disease, and other IE classification criteria (definite and probable cases according to modified von Reyn classification, definite cases according to Duke and modified Duke classifications). Incidence rates were compared within the 3 surveys using a Poisson regression. Age-and-sex specific incidences were also calculated for each period. With 300 patients, an incidence of 30 cases per million, and ␣ 2-sided risk of 5%, a difference of 7 cases per million between surveys can be detected with a power of 80%.
For descriptive analysis, quantitative variables were expressed as their mean Ϯ SD and qualitative variables expressed as percentages. The chi-square test or Fisher exact test for qualitative variables, and tests stemming from 1-way analysis of variance or Kruskal-Wallis test for quantitative variables were used for comparisons over the 3 periods. When a significant difference was observed for variables available for the 3 periods, a trend test was performed (Cochran-Armitage trend test for binary variables and linear trend test for quantitative variables). First, factors associated with in-hospital mortality were searched for according to bivariable analysis (logistic regression), first within each study year and then in the whole 3-study population. The tested variables were those already identified as associated with in-hospital mortality in the literature (i.e., age, microorganisms, prosthetic valve, cerebral emboli, cardiac surgery) (1,28 -32) . Second, 4 multivariable forward stepwise logistic regression models were built with an enter p value of 0.2 and a remove p value of 0.05. The calendar year effect (1991, 1999, or 2008) was forced in the analysis on the global population. Odds ratios and their 95% confidence intervals were calculated. The validity of the models was checked using the Hosmer and Lemeshow goodness-of-fit test. All statistical analyses were performed using SAS version 9.2 (SAS institute, Inc., Cary, North Carolina). Figure 1 shows the case selection process in each of the 3 surveys. There were 323, 331, and 339 patients with a definite, probable, or possible IE according to the modified von Reyn classification, aged Ն20 years, living in the studied regions, and hospitalized during the survey year in 1991, 1999, and 2008, respectively. Using the Duke criteria, there were 323 and 332 definite cases in 1999 and 2008, respectively. Characteristics of IE among the 3 surveys. DEMOGRAPHICS, UNDERLYING HEART DISEASE, AND AT-RISK DENTAL PROCEDURES. Mean age increased over time from 58 to 62 years (p ϭ 0.013) ( Table 1) . IE predominated in males in all 3 surveys; the sex ratio increased significantly over time. The IE incidence rate varied differently according to age and sex in the 3 surveys (Online Fig. 1 ). The distribution of underlying heart diseases is summarized in Table 1 . The rate of patients with no previously known heart valve disease increased from 34% in 1991 to 49% in 1999 and remained stable in 2008 (47%) (p Ͻ 0.001). Between 1999 and 2008, the proportion of patients with prosthetic valves and with pacemakers increased, as did the proportion of patients with hypertension and diabetes mellitus. The proportion of intravenous drug users remained stable. The rate of patients reporting having had at-risk dental procedures was low and not statistically different between 1999 and 2008 (5.1% and 4.7%, respectively). Other background characteristics and May 29, 2012 May 29, :1968 at-risk dental procedures are displayed in Table 1 and Online  Table 1 .
Results

CLINICAL AND BIOLOGICAL EVENTS, LOCATION OF IE, AND
ECHOCARDIOGRAPHY. Fever was reported significantly less frequently over time (Table 1) . Severe congestive heart failure was common. At least one embolic event was reported in 38%, 37%, and 58%, respectively. The proportion of prosthetic valve IE did not differ significantly among the 3 surveys whereas that of pacemaker IEs increased significantly. Echocardiography yield increased significantly over time.
CAUSATIVE MICRO-ORGANISMS. Micro-organisms responsible for IE were identified in 87%, 93%, and 93% from 1991 to 2008 (Table 1) . Streptococcaceae were the most frequent micro-organisms across the 3 surveys, but their proportion decreased over time. OUTCOME. Mean hospital stay duration increased over time, although not significantly. The rate of cardiac surgery performed during the acute phase of the disease increased from 1991 to 1999 (31% to 50%) and then remained stable (50%) (p Ͻ 0.001). In-hospital death rates were not significantly different among the 3 periods (21%, 15%, and 21%, respectively). Incidence of IE among the 3 surveys. Overall, the ageand sex-standardized annual IE incidence did not change significantly across the 3 surveys (Fig. 2 , Online Table 2 ), but it decreased significantly in patients with previously known native heart valve disease. The incidence of oral streptococcal IE did not increase in the overall population or in the population of patients with previously known native heart valve disease, in whom it significantly decreased. The incidence of both S. aureus and coagulase-negative staphylococcal IE increased significantly in patients without previously known native heart valve disease. Prognostic factors. Factors associated with in-hospital mortality are presented in Table 2 . In multivariate analysis, considering the overall population of patients enrolled in the 3 surveys, calendar year was not associated with death, whereas increasing age, staphylococci, and cerebral emboli were associated with death. In the models considering the prognostic factors in each of the surveys, increasing age and staphylococcal IE were both independently associated with death in the 3 surveys. 
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Discussion
Despite marked modifications of IE prophylaxis recommendations between 1999 and 2008 toward a reduction of antibiotic use, we did not identify any increase either in the overall incidence rate of IE or in that of oral streptococcal IE incidence rate. We also observed an increase of staphylococcal IE in a population of patients not identified as at risk for IE. To our knowledge, this is the first study using a large population-based survey, which analyzes IE epidemi- May 29, 2012 May 29, :1968 ology evolution after the recent drastic restrictions in IE prophylaxis indications. Population-based surveys most accurately analyze IE characteristics because they avoid major referral bias (2, 15) . The rarity of this disease, concern about its diagnosis, and the diversity of physicians potentially involved make exhaustive data collection difficult. Studies describing temporal changes in IE characteristics necessitate either prolonged longitudinal follow-up of a predefined and usually small population pool or repeated temporal cross-sectional surveys providing an intensive, time-limited assessment of a larger population pool. We chose the latter approach to collect very large samples of IE cases (several hundred) among a population of 11 million (one fifth of the total French population) over three 1-year periods. Increase in the incidence of staphylococci IE. This temporal comparison underlines the evolving nature of IE despite the stability of the incidence rate, with an aging population with increasing rates of comorbidities. On the contrary, the rate of patients with pre-existing native valve diseases has more than halved in 18 years (1 in 5 patients in 2008). This evolving nature of IE is also reflected by its microbiological profile. Whereas there are contradictory data on the evolution of micro-organisms responsible for IE, our study provides clear evidence of the increase of both S. aureus and coagulase-negative staphylococci IE rates and incidences. This increase may not be attributed to referral bias, to a modification of intravenous drug use prevalence (because its rate remained stable over time), or to an increase of S. aureus IE due to community-acquired methicillinresistant clones (none were isolated in the 2008 survey). The increased incidence of staphylococci must be considered in the light of the increased number of patients with prosthetic valve IE, pacemaker IE, diabetes mellitus, all conditions associated with staphylococcal bacteremia. This is consistent with the significant increase in the rate of cerebral and peripheral emboli, identified as more frequent in patients with staphylococcal IE (33) . When considering staphyloccocal IE incidence change, the only statistically significant increase concerned staphylococcal IE cases occurring in patients with no previously known valvular diseases, a population not targeted by IE prophylaxis. Stability of streptococcal IE. Streptococcal IE incidence did not increase between 1999 and 2008, despite IE antibiotic prophylaxis indications being discontinued for most patients since 2002 in France. These results are consistent with those of a recent study conducted in the United Kingdom that excluded any large increase in the incidence of IE in the 2 years after the U.K. National Institute for Health and Clinical Excellence guideline modifications, which were implemented by dentists and physicians (20) . This compliance with the modified guidelines 
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was depicted by a drastic decrease in the number of prescribed antibiotic prophylaxis assessed through National Health Service medication reimbursement data. However, their data on IE incidence originated from codified discharge diagnosis data, not from expert-validated diagnostic classification, which presents several limitations. Notably, this method permits the description of broad general tendencies but is unable to provide precise analysis of epidemiological evolution including microbial modification. We observed this reassuring absence of increases in streptococci IE incidence both in the overall population of IE patients and in patients with previously known native valve heart disease (i.e., those for whom IE prophylaxis was no longer recommended after the 2002 French IE prophylaxis guidelines). In addition, similar findings resulted using different case definitions (modified von Reyn or Duke classifications). Our evaluation of incidence evolution is based on a highly accurate estimation of streptococcal IE incidence. First, each streptococcal strain identification was cross-validated by the national reference center for streptococci. Second, all IE cases were checked by a multidisciplinary adjudication committee leading to the exclusion of a high number of cases initially considered as potential IE by the primary care physicians. This process underlines both the difficulty of IE diagnosis and, in epidemiological surveillance, the need for critical and careful appraisal of data from inpatient charts, which represent nonexpert-validated IE cases (19) . In addition, the 3 surveys were conducted by the same group of investigators, using similar methods and classifications, thus limiting the risks of definition biases. We cannot definitely claim that IE prophylaxis modification did not lead to an increase in the incidence of oral streptococcal IE; given the low number of streptococcal IE in patients with previously known heart disease, the limited number of cases collected would have allowed us to detect only a major increase in IE incidence in this group of patients. Furthermore, the stability of streptococcal IE incidence despite IE antibiotic prophylaxis reduction for bucco-dental procedures could reflect practitioners' lack of compliance with these new recommendations. However, in We must acknowledge some limitations to our study. First, underreporting is a potential limitation when relying on physician report and not on investigators' active search for cases. In our study, underreporting was minimized through reliance on 3 separate notification sources (physicians, echocardiographers, and microbiologists). The rate of unreturned case report was low in each survey, between 1% and 2%. To lighten physicians' work load and encourage reporting, specially trained clinical research assistants were assigned to facilitate the reporting procedure. Furthermore, the proportion of patients living within one of the study regions and treated for IE outside these regions was Ͻ5%, based on the French national database file of diagnosis-related groups as classified at hospital discharge. Second, the IE classification in use at the time of each survey was different and based partially on different data. Because retrospective classifying 1991 and 1998 surveys using the modified Duke classification was impossible, we categorized all our cases using the modified von Reyn classification to permit temporal comparisons. Because the same classification was used for the 3 surveys, it limited the risk of a differential bias. Furthermore, to validate our result, we took into account both comparisons based on broad case definitions and those based on more restricted case definitions; comparison of the 1999 to 2008 temporal trends (surrounding the 2002 guidelines modification) using both modified von Reyn and Duke classifications revealed no discrepancies (Online Tables 3 and 4 ). Of note, there was no statistically significant difference in the incidences of IE in 2008 using the different classifications. Third, the comparison of IE incidence between the 1991 and 2008 time intervals may be biased by an improvement in IE diagnosis performance due to medical progress (improvement in echocardiographic or microbiological techniques increasing their sensitivity and the diagnosis of IE), which could artificially inflate reported IE incidence. The stability in IE incidence observed in our study over time should therefore be interpreted with caution. Finally, differences among countries in the incidence of IE, in the proportion of the micro-organisms responsible, and in the IE prophylaxis guidelines may influence the generalizability of the study results. However, we think that the results may reasonably be extrapolated to most industrialized countries.
Conclusions
IE co-evolved with socioeconomic changes and medical progress, leading to an increase of onset age, co-morbidities, intracardiac devices, and of staphylococcal IE. A high and stable in-hospital mortality rate was associated with age and staphylococci, two characteristics which rates have both increased over the last 2 decades. Given the poor prognosis of S. aureus IE and its increasing incidence, S. aureus bacteremia prevention is necessary in patients with previously known valve diseases but also in patients without such disease in whom IE incidence has increased most. So far, changes in IE antibiotic prophylaxis guidelines have not given rise to an increase in oral streptococci IE, which supports a posteriori the reduction of its use. This fact should prompt a decrease in the unnecessary consumption of antibiotics, a source of ever-increasing bacterial resistance.
